Measurement of the contents of pectin, hemicellulose 1, and hemicellulose 2 181
The uronic acid content in pectin was measured colourimetrically at a 182 wavelength of 520 nm by Blumenkrantz & Asboe-Hansen, (1973) method with 183 galacturonic acid as the standard. The content of total sugars in HC1 and HC2 was 184 analyzed by the phenol-sulfuric acid method expressed as glucose equivalents 185 (Dubois et al., 1956) . Briefly, 200 µL sample was reacted for 15 min with 10 µL 186 phenol (80%) and 1 mL concentrated sulfuric acid. The absorbance at 490 nm was 187 measured after 15 min of hot water bath at 100 °C. 188 2.6. Root ruthenium red staining 189 The ruthenium red staining were prepared by the method of Ballance et al., 190 (2012), respectively (detail can be found in the supplementary data). 192 30 mg of CW and cellulose were extracted in 1.2 mL of 2 M HCl for 24 h with 193 occasional shaking. Similarly, Al content in each CW component extract (WSP, ASP, 194 CSP, HC1, and HC2) was extracted by 2 M HCl (1:1, v/v) for 24 h as described above. 195 The Al content in each liquid extract was diluted as necessary and quantified by 196 ICP-OES. 198 The root tips (0-5 mm) of seedlings were cut and quickly placed in 2.5% 199 glutaraldehyde solution at 4 °C for 12 h, and then washed four times (15 min each 200 time) with 0.1 M phosphate buffer (pH=7.4). Then, the tissue blocks were fixed in 1% 10 270 In the absence of Al, the seedlings treated with B at 5 (B5), 10 (B10), and 50 µM 271 (B50) significantly increased the plant growth compared to 0.1 µM B (B0.1). -Al B50 272 treatment did not increase the plant growth-related parameters compared with -Al 273 B10 ( Fig. 1) . Aluminum toxicity had a detrimental effect on plant growth 274 characteristics, the plant height, root length, and shoot DW were significantly 275 decreased by +Al B0.1 treatment compared to -Al B0.1 ( Fig. 1c-h ). Furthermore, the 
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Effects of B on growth parameters of seedlings under Al stress
Effects of B on B and Al content in the root, Al content in root tip under Al
284 stress 285 The B concentration in roots was obviously increased after treatment with 286 different B levels, regardless of Al treatment ( Fig. 2a ; Table S1 ). Aluminum content in 287 root and root tips was remarkably increased under B0.1 treatment. Under Al stress, the 288 Al content in root and root tips decreased gradually with the increase of B 289 concentration ( Fig. 2b-c) . To further verify the practical application of B to reduce Al 290 content in plants, we conducted a similar hydroponics experiment. The result in Table   291 S1 showed that B obviously reduced Al content in citrus roots and root tips compared 292 with the Al treatments with B0.1. 294 Aluminum accumulation in CW accounted for the most part of total Al in root: 295 79.60-87.33% of Al content in root CW was present ( Fig. 2d ), the addition of B 296 reduced Al accumulation in root CW ( Fig. 2d ; Table S1 ). XPS was used to analyze the Table S3 ). +Al 303 B0.1-treated root CW exhibited a higher Al atomic ratio level (from 0.56 to 1.77) in 304 comparison to -Al B0.1. In the presence of Al, Al atomic ratio in root CW declined by 305 33.90 and 37.85% under B10 and B50 treatment, respectively compared to B0.1 ( Fig.   306 3d-f; Table S3 ). Meanwhile, SEM-EDS data visually reflected the accumulation of Al 307 in the CW under different treatment conditions. Point scan data showed that the Al 317 Aluminum contents in different components of CW had no significant effect in 318 the absence of Al ( Fig. 2e-h) . Indeed, the Al content in HC1 fraction of CW was 319 higher than that in HC2 under Al stress, both of them were higher than that in pectin 320 fraction, and the proportion of Al content in cellulose fraction of CW was the smallest 321 ( Fig. 2e-h) . The seedlings exhibited enhanced Al contents in B0.1-treated root CW 322 pectin after Al exposure when compared to Al-untreated treatment ( Fig. 2e ). However, 323 under Al stress, levels of root pectin Al content were 22.08%, 49.47%, and 62.85% 324 under B5, B10, and B50 treatments lower than B0.1, respectively ( Fig. 2e ). 325 We further investigated the content of Al in different forms of pectin, the 326 distribution of Al content in pectin was ASP > WSP > CSP (Table S1 ). Aluminum contents in three kinds of pectin were increased significantly under Al stress 328 irrespective of B treatments and the effects were more pronounced in B0.1-treated 329 roots. The addition of 10 and 50 µM B resulted in lower Al content than at 0.1 µM B 330 in the presence of Al, notably, ASP had the most obvious decrease in Al content. +Al 331 B50 did not cause remarkable effects on Al uptake in CSP compared to +Al B10 332 (Table S1 ).
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Moreover, Al contents in HC1, HC2, and cellulose fraction were increased in +Al 334 B0.1 treatment compared to -Al B0.1 (Fig. 2f-h) . In the presence of Al, B5 did not 335 affect Al content in HC1 compared to B0.1, whereas it decreased by 15.38% (from 336 387.11 to 327.56 µg g -1 ) in B10 and 13.32% (from 387.11 to 335.56 µg g -1 ) in B50 337 treatment ( Fig. 2f ). Interestingly, Al contents in both HC2 and cellulose fractions were 338 unaffected by exposure to different levels of B compared to B0.1 (Fig. 2g-h) , except 339 the HC2, Al contents were reduced in +Al B50 compared to +Al B0.1 (Fig. 2g) . 341 Aluminum-treated roots significantly increased the pectin content (indicated by 342 the uronic acid content in pectin), HC1 and HC2 contents (indicated by the total sugar 343 content in HC1 and HC2) and increased by 1.64, 1.54, and 1.50-fold under B0.1 344 treatment, respectively ( Fig. 4g-k) . However, B5, B10, and B50 applications 
Effects of B on CW components content under Al stress
